Results: A total of 122 participants (59 receiving valproate and 63 receiving placebo) completed 24 months of treatment while taking study medication; 42 (27 receiving valproate and 15 receiving placebo) reached 24 months having discontinued study medication; 150 reached month 26. There was no difference between groups in time to emergence of agitation or psychosis (Cox proportional hazard ratio, 0.96; P=.88). There was no difference between groups in change on any secondary outcome. The valproate group had higher rates of somnolence, gait disturbance, tremor, diarrhea, and weakness. Eighty-eight participants underwent magnetic resonance imaging scans at baseline and 12 months; the valproate group showed greater loss in hippocampal and whole-brain volume, accompanied by greater ventricular expansion (P Ͻ.001).
Conclusion:
Valproate treatment did not delay emergence of agitation or psychosis or slow cognitive or functional decline in patients with moderate Alzheimer disease and was associated with significant toxic effects.
Trial Registration: clinicaltrials.gov Identifier: NCT00071721 Arch Gen Psychiatry. 2011; 68(8) : [853] [854] [855] [856] [857] [858] [859] [860] [861] A LZHEIMER DISEASE (AD) IS characterized by cognitive decline, impaired function, and neuropsychiatric signs and symptoms that are extremely common, with prevalence estimates of 60% to 80% and a lifetime risk of 90%. [1] [2] [3] These signs and symptoms are associated with considerable morbidity, including earlier nursing home admission, more rapid progression of illness, exacerbation of functional and cognitive deficits, and increased caregiver distress. Neuropsychiatric features make caring for a person with dementia far more difficult 4 and represent a major public health concern for which behavioral, psychological, and pharmacologic therapies have proven inadequate to date. 5 The classification and prevalence of neuropsychiatric features vary with the methods used to study them, although patterns emerge. 1, 6 Agitation is particularly common and difficult to manage, the term referring to increased and distressing or disruptive psychomotor activity 5 or "inappropriate verbal, vocal, or motor activity unexplained by apparent needs or confusion." 7(p712) Prior studies indicate that patients with mild to moderate AD without agitation have 1-and 2-year incidence rates ranging from 20% to 40% and from 50% to 60%, respectively. 3, [8] [9] [10] [11] [12] Once present, agitation tends to persist 4, 7, 8, [12] [13] [14] and commonly to co-occur with psychotic symptoms. 15, 16 Treatment of agitation and psychosis entails identification and reversal of physical, social, and environmental pre†Deceased. Author Affiliations are listed at the end of this article. Group Information: The members of the Alzheimer's Disease Cooperative Study Group are listed at the end of this article. cipitants. 5, 17 Symptomatic pharmacotherapy is considered when these steps fail but is too often unsatisfactory. Reviews and meta-analyses indicate that antipsychotics may afford some relief from psychosis and/or agitation, but the adverse effect burden is problematic, and mortality may be increased in individuals with dementia. 17 Physicians often use other agents instead, including anticonvulsants, but evidence for this practice is equivocal. 17 On the basis of the high incidence and public health significance of agitation and psychosis in AD and the limited effectiveness of symptomatic treatment, the Alzheimer's Disease Cooperative Study (ADCS) concluded that pharmacologic prevention of behavioral disturbance might be more effective than treatment of existing symptoms. We raised the question of whether therapy could delay, attenuate, or prevent the emergence of agitation and/or psychosis. Another rationale for our study was to demonstrate the feasibility of a trial design for prevention of behavioral disturbance in dementia.
At the time, divalproex sodium (valproate) had shown evidence of symptomatic benefit in small placebocontrolled trials, although insufficient to define clinical practice. 5, 18, 19 Moreover, there are potential neuroprotective actions of valproate, some specific to the pathobiology of AD, which contributed to our decision to use it. These include evidence of reduced neuronal injury 20 ; reduced apoptosis due to activation of bcl-2; reduced hyperphosphorylation of tau proteins and thus possibly reduced neurofibrillary tangle development; and increased cell survival by activation of a number of cellular signaling pathways, at concentrations in the range used for treatment of mania or epilepsy. [21] [22] [23] [24] [25] This trial examined whether prophylactic therapy with well-tolerated doses of valproate could delay or prevent the emergence of psychiatric signs and symptoms in patients with AD who were not yet behaviorally symptomatic. 26 In view of its possible neuroprotective potential, this trial was designed also to address whether treatment would attenuate cognitive and functional decline.
METHODS

PARTICIPANTS
The trial was conducted from November 1, 2005, through March 31, 2009, at 46 US sites. We enrolled 313 patients fulfilling criteria for probable or possible AD according to the National Institute of Neurological and Communicative Disorders and Stroke-Alzheimer Disease and Related Disorders Association. Main inclusion criteria were age greater than 54 years, weight greater than 39 kg, community residence, Mini-Mental State Examination (MMSE) score of 12 to 20, and absence of agitation or psychosis since the illness onset, defined by ratings of less than 1 on Neuropsychiatric Inventory (NPI) 1 items assessing delusions, hallucinations, and agitation/aggression. Informed consent was obtained from an authorized representative and assent was obtained from the patient, the nature of the assent varying according to state and local institutional policies. The study was reviewed and approved by each site's institutional review board.
INTERVENTIONS
This was a prospective, randomized, placebo-controlled, parallelarm, flexible-dose trial in which participants were assigned to double-blind treatment for 2 years, followed by a 2-month singleblind placebo treatment period. Participants reaching end point or stopping therapy before 24 months had a treatment termination visit and were offered follow-up through month 24. Participants were assigned to 1 of 2 treatment groups in permuted blocks of 4, according to a randomization list created and maintained by the ADCS Data Core.
A target dose of 10 to 12 mg per kilogram of body weight per day of valproate was selected on the basis of tolerability in patients with dementia and a pilot study in outpatients with AD. 27 The trial used a 125-mg enteric-coated extended-release divalproex sodium formulation or identical-appearing placebo manufactured and provided by Abbott Laboratories. Participants received 1 tablet daily by mouth for 1 week; weekly titration continued until a dose of 10 to12 mg per kilogram per day was achieved. However, dose reduction was permitted if warranted clinically; the target dose could be resumed if appropriate. Adherence was quantified with medication administration records; adherence of 80% was required.
A caregiver training program was offered to all families on the basis of previous data showing that this intervention decreased communication difficulty and increased knowledge about AD, to reduce variance in behavioral outcomes relating to variable patient-caregiver interaction.
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CONCOMITANT THERAPY
Participants could receive stable doses of cholinesterase inhibitors and memantine. The following drugs were excluded: psychotropics (except for nontricyclic antidepressants for treatment of depressive symptoms and short-acting benzodiazepines up to thrice weekly for sleep), narcotic analgesics, antiparkinsonian medications, drugs with significant central anticholinergic or antihistaminergic effects, and other anticonvulsants.
OBJECTIVES/OUTCOMES
The primary outcome was an end point defined as the participant's achievement of a score of at least3 on 1 or more NPI items assessing delusions, hallucinations, and agitation/aggression persisting for 2 weeks, and the study physician's judgment that the new agitation and/or psychosis was clinically significant on the basis of an evaluation to rule out situational disturbances or delirium; or completion of study.
Behavioral outcomes were assessed at screening, baseline, and every 3 months until month 24, then at month 26; other outcomes, except the ADCS Clinical Global Impression of Change (CGIC) and the Quality of Life-AD, were assessed every 6 months; the ADCS-CGIC was assessed at 12 and 24 months and the Quality of Life-AD at baseline and last visit. There was telephone contact 6 weeks after each visit to establish whether end point had been reached.
Safety, tolerability, vital signs (weight, systolic and diastolic blood pressure, and temperature), adherence, and concomitant medications were recorded quarterly and at week 6. We developed an instrument assessing daytime drowsiness and sleeping; higher scores denote worse sedation. The ADCS Data and Safety Monitoring Board monitored the trial.
performance. The MMSE evaluates cognition; the range is 0 to 30, and lower scores denote worse performance.
CLINICAL/FUNCTIONAL MEASURES
The NPI 1 assesses neuropsychiatric features of AD on the basis of an interview with a study partner, evaluating the frequency and severity of 12 neuropsychiatric features during the preceding 4 weeks. Frequency assessments range from 1 to 4, and severity assessments range from 1 to 3; the score is the product of severity and frequency.
The Cohen-Mansfield agitation inventory 7 rates the frequencies of agitation during the preceding 2 weeks on a 7-point scale from 0 to 6. The ADCS-Activities of Daily Living 31 assesses functional performance during the preceding 4 weeks; lower scores denote worse performance. The Clinical Dementia Rating 32 is a global measure of severity of dementia, used either as a summary score called the sum of boxes or as a global rating ranging from 0 to 3. The ADCS-CGIC 33 provides a categorical measure of efficacy. A physician rates the participant on a 7-point scale; higher scores denote worsening. The Quality of Life-AD 34 scale provides a 13-item appraisal of quality of life; lower scores denote worsening.
VOLUMETRIC MAGNETIC RESONANCE IMAGING
A subset of participants had magnetic resonance imaging (MRI) scans at baseline and 12 months to explore the effects of valproate vs placebo on whole-brain volume, ventricular volume, and hippocampal volume. Nineteen of 46 clinical sites participated in the MRI substudy; 94 participants completed both baseline and 12-month scans. Semiautomated segmentation was used to extract bilateral hippocampal volumes (Medtronic Surgical Navigation Technologies, a division of Medtronic, Inc, Louisville, Colorado). Longitudinal change in whole-brain volume and ventricular size was assessed using a boundary shift integral technique.
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SAMPLE SIZE
We assumed incidence rates for agitation or psychosis of 25% in year 1 and 50% in year 2; a 33% reduction was deemed clinically relevant and realistic. We predicted that rates of dropout, mortality, and unavailability for follow-up would be similar to those of the 2-year ADCS selegiline/vitamin E study conducted in similar outpatients, in which the dropout rate was 6% for the primary outcome measure, obtainable by telephone. 36 Assuming 20% unavailability for follow-up and an ␣ (type I error) of .05, a statistical power of 84% could be achieved with 300 subjects using a survival analysis calculation based on the log rank statistic. 37 
STATISTICAL ANALYSIS
The primary analysis was a survival analysis using the Cox proportional hazards model, comparing time to end point in the drug and placebo groups and adjusting for potential confounding variables: age, sex, and baseline MMSE, total NPI, Clinical Dementia Rating sum of boxes, total Cohen-Mansfield agitation inventory, and ADCS-Activities of Daily Living. The assessment consisted of a univariate 2-sample test comparing baseline means between treatment groups and a bivariate measure of association between the baseline means and the time to end point. If for any variable the first test, assessing the equivalence of the baseline distributions, was significant at ␣=.10, and the second test, measuring association with response, was significant at ␣=.15, then the variable was included as a covariate in the Cox proportional hazards model; the same approach was used to select covariates for generalized estimating equation (GEE) analysis and analysis of covariance. The primary analysis was a modified intent-to-treat analysis including all participants with at least 1 postbaseline assessment. Kaplan-Meier curves were used to estimate and to examine survival rate of conversion by treatment.
Secondary variables were changes in total NPI score, CohenMansfield agitation inventory total score, AD Assessment Scalecognitive subscale performance, ADCS-Activities of Daily Living scale score, Clinical Dementia Rating sum of boxes, ADCS-CGIC score, MMSE score, and Quality of Life-AD score. Emergence of agitation and/or psychosis during the end of study washout was analyzed using NPI and Cohen-Mansfield agitation inventory data. Drug-placebo differences in measures of brain volume by MRI were assessed. Continuous measures were analyzed using analysis of covariance and the GEE model, timeoriented variables with Cox proportional hazards regression, and binary incidence values with logistic regression. Changes in scales based on ordinal data, including the global Clinical Dementia Rating and ADCS-CGIC, were analyzed using ordinal logistic regression. Paired comparisons using t tests, analysis of covariance, and GEE were conducted in an exploratory fashion, without adjustment for multiple comparisons, to explore group differences at individual time points.
RESULTS
PARTICIPANTS
Five hundred thirteen patients were screened, and 313 were randomized to treatment (Figure 1) . In the valproate group, 61.4% discontinued treatment prematurely, and in the placebo group, 60.6% did so; reasons are shown in Figure 1 . Demographic and clinical characteristics are shown in Table 1 . Use of medications of interest at baseline in placebo and valproate groups, respectively, were cholinesterase inhibitors (91.3% vs 94.1%), memantine (67.5% vs 62.1%), antidepressants (38.1% vs 36.6%), and antianxiety medications (0.6% vs 2.0%). Use of these medications did not differ between the 2 groups during the trial.
Because the incidence of end points was lower than anticipated, the Data and Safety Monitoring Board performed an unplanned futility analysis in December 2007 and recommended that the trial be continued as planned.
TREATMENT
Overall adherence averaged more than 86.0%. The mean (SD) serum valproate level at month 12 was 42.7 (20.7) µg/mL; the mean modal dose was 250 mg/d.
EFFICACY
Time to reach end point did not differ by treatment arm on the basis of the Cox proportional hazards model (Figure 2 ) (hazard ratio, 0.96; P = .88) or by KaplanMeier curves. Twenty-nine participants receiving placebo reached end point compared with 25 receiving valproate. placebo differences in other behavioral measures as well as cognitive, functional, and global outcomes using both GEE analysis and analysis of covariance, except for the sedation scale (see the Safety and Tolerability subsection).
There were drug-placebo differences favoring placebo at several time points, on the basis of analyses of change scores not adjusted for multiple comparisons. Specifically, mean (SD) changes on placebo vs drug (by t test analyses) were as follows: AD Assessment Scalecognitive subscale at month 12 was 6.8 (7.8) vs 9.4 (8.2) (P=.01); the ADCS-Activities of Daily Living at month 6 was −4.5 (7.7) vs −7 (9.5) (P = .02), at month 12 was −10 (10.6) vs −14.4 (14.3) (P=.01), and at month 18 was −14.4 (12.1) vs −19.3 (15.6) (P = .02) (by GEE analysis); and the ADCS-CGIC score at month 12 was 5 (0.9) on placebo vs 5.1 (1.0) on drug (PϽ.05). Alzheimer Disease Assessment Scale-cognitive subscale scores were further analyzed by analysis of covariance with baseline score and age as covariates (because they were not balanced across groups and were associated with the outcome according to the criteria described previously); the difference in change scores at 12 months favoring placebo remained significant (P = .005). There was no difference between groups in change from baseline to month 24 in the total NPI and Cohen-Mansfield agitation inventory scores or the rate of nursing home placement.
SAFETY AND TOLERABILITY
One hundred fifty-one participants (94.4%) receiving placebo experienced at least 1 adverse event vs 145 (94.8%) receiving valproate ( Table 3) . Discontinuations due to adverse events occurred in 12 participants (7.5%) receiving placebo vs 25 (16.3%) receiving valproate. The adverse events more likely to occur with valproate included somnolence, gait disturbance, tremor, diarrhea, constipation, weakness, asthenia, and dyspnea; those more likely with placebo included agitation, anxiety, delusions, dizziness, hyperhydrosis, and rash. There were 105 (66.0%) serious adverse events in the placebo group vs 90 (57.0%) in the valproate group, including 12 deaths in the placebo group (7.5%) vs 9 (5.9%) in the valproate group; none were judged to be related to treatment. Sedation scores increased more over time for those receiving valproate vs placebo (treatment ϫ time interaction on GEE modeling, P=.02) ( Table 3) .
Vital signs and laboratory parameters did not differ significantly between groups at baseline. Participants receiving valproate experienced mild decreases in values for neutrophils, platelets, total and direct bilirubin, and albumin, along with slight increases in values for alanine aminotransferase and aspartate aminotransferase.
VOLUMETRIC MRI DATA
Eighty-eight individuals had MRI scans that passed quality control for hippocampal measures at both time points (45 
COMMENT
We undertook this trial to attempt secondary prevention of psychiatric signs and symptoms in individuals with AD who had not yet experienced agitation or psychosis. We found no treatment effect on time to end point, on any secondary behavioral measures, or on global clinical status. On the basis of laboratory evidence of possible neuroprotective potential, the trial was also designed to examine the effect of valproate on clinical measures of progression of dementia; no benefit was seen. Post hoc comparisons suggested possible worsening of some measures of cognition and of function at several time points. Tolerability and adverse events were consistent with prior reports of valproate use in this population and with prescribing information. The adverse event burden suggests that the maximally tolerated valproate dose was achieved in these elderly patients. Adherence was adequate, although blood levels of valproate achieved were relatively low.
We predicted an incidence of agitation or psychosis of approximately 50% by month 24 but observed an incidence of approximately 17%. We assumed a total treatment discontinuation rate of 36% and observed an actual rate of 60%. Although our assumptions proved incorrect, there was no evidence of the anticipated beneficial effects of valproate. One reason for this may be that NPI scores at baseline were 25% to 30% of those in recent clinical trials in outpatients with mild to moderate AD. 38 The milder behavioral symptoms may have been due to selection and referral bias primarily from neurology research clinics, inclusion criteria that precluded those most likely to develop symptoms, and the fact that clinical trial participants tend to be healthy and well educated. Furthermore, the selection criteria may have excluded a proportion of patients who would have already become agitated in their mild to moderate stages of dementia, possibly accounting for the low incidence. The higher-than-expected discontinuation rate may have related to adverse events, intolerability of the medication over a long period, trial duration, availability of competing studies, and perceived lack of benefit. A recent 18-month trial of an experimental therapy with a very low adverse effect rate showed 40% discontinuation, 38 consistent with our observations.
The blood levels of valproate may have been insufficient to engage the molecular targets of interest, especially glycogen synthase kinase-3 ␤, thus explaining the negative results. During the trial, new reports suggested that, in addition to laboratory evidence of engagement with the tau protein pathway, valproate may ameliorate amyloid dysregulation. 39, 40 This could be the case at higher concentrations than we achieved; however, higher doses would not have been tolerated in this sample.
Valproate appeared to reduce brain volumes after 12 months compared with placebo in these individuals. This result was not associated with cognitive or functional decline using our main clinical outcomes, although the MMSE data suggest greater cognitive decline in the valproate group. The finding is open to interpretation; however, there are reports of reversible brain atrophy and cognitive impairment in children and young adults, [41] [42] [43] [44] and the drug prescribing information states: "Reports have noted reversible cerebral atrophy and dementia associated with valproate therapy." These reported effects of valproate on brain volumes of individuals with AD are not well understood; it is unclear if they may be due to direct drug effects, such as osmotic shifts or metabolic toxicity, [41] [42] [43] [44] [45] or influences on AD pathology, and it is unknown whether these effects are reversible or clinically relevant. 
